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LAND  needs  draining  if 
DRAINAGE  results  in  more 
or  better  crops,  or  if  swamps, 
ponds,  and  alkali  areas  can  be 
made  arable  by  drainage.  The 
DECISION  to  drain  land  is 
usually  based  on  the  balancing  of 
COSTS  against  increased 
PROFITS,  because  few  drainage 
projects  are  justified  unless 
their  costs,  amortized  over  a  period 
of  years,  can  be  more  than  met  by 
increased  income  from  the  lands 
drained.  This  circular  tells 
the  farmer  about  two  types 
of  drainage  systems  and 
HOW  these  systems  are 
planned  and  installed. 
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Land  needs  draining  if,  as  a  result,  more 
or  better  crops  can  be  produced,  or  the 
production  costs  reduced  to  a  point  where 
the  cost  of  installing  a  drainage  system 
can  be  met  out  of  increased  profits. 

The  most  obvious  need  for  drainage  is 
in  swamps,  ponds,  or  alkali  areas  which 
are  not  producing  crops  but  which  could 
be  made  arable. 

Most  lands,  however,  which  could  bene- 
fit from  drainage  are  already  producing 
crops,  but  they  could  be  improved  by 
better  drainage.  It  is  these  lands  which 
offer  the  greatest  economic  inducements 
for  improved  drainage  conditions. 

There  are  several  less  tangible  benefits 


which  may  be  derived  from  the  drainage 
of  particular  tracts  such  as  improved 
health  conditions,  conveniences,  and 
sightliness,  but  usually  the  decision  to 
drain  is  based  on  the  economics  of  the 
proposal;  the  balancing  of  costs  against 
increased  profits. 

Poorly  drained  lands  are  relatively  cold 
and  crops  are  delayed  in  their  spring 
growth.  Root  development  is  greater, 
plants  are  healthier  and  less  susceptible 
to  disease  and  parasitic  injury  on  well 
drained  soils.  Soil  structure  and  tilth  are 
improved,  and  because  of  better  root  de- 
velopment plants  are  less  susceptible  to 
drought  when  drainage  is  satisfactory. 


ENGINEERING  ASSISTANCE 


Reliable  engineering  advice  in  the  plan- 
ning and  construction  of  drains  is  a  rea- 
sonable insurance  that  important  data  will 
not  be  overlooked.  Many  farmers  do  not 
have  the  technical  experience  necessary 
to  evaluate  all  of  the  factors  which  go  into 
the  planning  of  a  drainage  system  or  the 
means  of  converting  this  information  into 
working  units.  The  farmer's  first-hand 
knowledge  of  local  conditions  will  not  be 
ignored  by  the  engineer. 

The  planning  of  some  drains  is  a  very 
simple  matter  and  there  is  little  likelihood 
of  serious  error  in  design,  but  other  drains 
may  present  complicated  problems.  The 
source  and  amount  of  water,  the  direction 
of  water  movement  through  the  soil,  sur- 
face  and   underground   soil  conditions, 


available  slope  and  adequacy  of  outlet 
must  all  be  known  before  the  most  effi- 
cient and  economical  system  of  drains  can 
be  determined. 

Failure  to  make  full  use  of  all  available 
information,  including  data  on  the  texture 
and  permeability  of  the  soil  and  subsoil, 
may  lead  to  errors  in  location,  depth, 
spacing  and  size  of  drains  with  a  conse- 
quent loss  in  efficiency  or  an  excessive 
cost. 

This  does  not  mean  that  some  farmers 
should  never  attempt  drainage  without 
trained  engineering  advice,  but  rather  it 
is  hoped  that  in  this  circular  some  of  the 
fundamental  principles  of  drainage  may 
be  explained  in  such  a  way  that  they  may 
be  applied  without  further  assistance. 


SURVEY  AND  PLAN 


Before  any  construction  is  started  it  is 
advisable  to  make  an  overall  survey  and 
prepare  a  plan.  The  survey  should  pro- 
vide information  leading  to  the  selection 
of  an  outlet;  on  the  texture,  depth,  strati- 
fication and  permeability  of  the  soil;  the 
slope,  size  and  other  physical  characteris- 
tics of  the  area;  rainfall  and  runoff  char- 
acteristics; depth  of  water  table  and  its 
fluctuations;  salt  and  alkali  content,  and 


finally  the  actual  location  of  the  drainage 
lines.  This  information  should  be  put  in 
such  form  that  it  can  be  used  for  both 
immediate  and  future  reference. 

A  map  showing  the  location  and  size  of 
all  drains  and  laterals  as  they  are  actually 
constructed  should  be  made  when  the 
work  is  completed. 

In  California  there  are  two  rather  dis- 
tinct and  different  conditions  under  which 
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drainage  is  necessary.  These  will  be  re- 
ferred to  as  "drainage  in  humid  areas" 
and  "drainage  in  arid  or  irrigated  areas." 
It  is  recognized,  however,  that  the  terms 
"humid"  and  "arid"  are  not  sharply 
drawn  on  the  basis  of  total  annual  rainfall 
or  on  the  basis  of  whether  or  not  the  land 
is  irrigated. 

As  it  affects  drainage,  probably  the 
most  important  single  factor  in  differen- 
tiating between  humid  and  arid  regions  is 
the  presence  of  alkali  salts  in  the  soil  and 
subsoil  of  arid  regions. 

Although  many  exceptions  can  be 
found,  more  often  than  otherwise  the  soils 
requiring  drainage  in  humid  areas  are 
heavy  (fine)  textured  or  have  relatively 


impervious  subsoils,  and  the  need  for 
drainage  is  caused  by  the  slowness  with 
which  rainfall  or  surface  water  penetrates 
the  soil  and  is  carried  away  through  the 
subsoil  strata.  On  the  other  hand,  the 
majority  of  irrigated  lands  have  light 
(coarse)  to  medium  textured  soils  with 
permeable  or  relatively  permeable  sub- 
soils, and  the  need  for  drainage  is  caused 
by  the  accumulation  of  water  in  the  sub- 
soil (water  table)  as  the  result  of  exces- 
sive irrigation,  seepage  or  other  more  or 
less  artificial  means;  furthermore,  arid 
soils  often  contain  excessive  quantities  of 
soluble  salts  which  may  accumulate  at 
or  near  the  surface  as  a  secondary  result 
of  high  water  table. 


COST  OF  DRAINAGE 


The  purpose  of  this  circular  is  to  dis- 
cuss two  types  of  drainage  systems;  open 
and  covered. 

The  economic  feasibility  of  any  drain- 
age undertaking  depends  to  a  large  degree 
on  what  it  costs  to  install  the  drains.  Few 
projects  will  be  justified  unless  their  costs, 
amortized  over  a  period  of  years,  can  be 
more  than  met  by  increased  income  from 
the  lands  drained.  There  are,  of  course, 


cases  where  the  drainage  of  small  wet 
areas  may  cost  more  than  can  be  justified 
by  the  returns  from  increased  yields.  Such 
cases  can  only  be  justified  by  the  in- 
creased convenience  in  cultivation,  or  in 
having  uniformly  producing  fields.  These 
rather  intangible  values  do  not,  however, 
bear  an  important  place  in  comprehensive 
drainage. 

The  size  of  the  project,  the  number  of 


Table  1:  WEIGHTS  AND  PRICES  OF  DRAIN  TILE — 1948 

Size 

Clay 

Concrete 

Price  per  foot 

Weight 
per  foot 

Price  per  foot 

Weight 
per  foot 

inches 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

dollars 
0.07-0.12 
0.13-0.18 
0.20-0.26 
0.28-0.38 
0.45-0.55 
0.60-0.75 
0.70-0.90 
1.00-1.25 

pounds 
7 

19M 
27 
34 
44 
54 
100 

dollars 
0.07-0.12 
0.13-0.18 
0.20-0.26 
0.26-0.36 
0.40-0.50 
0.45-0.55 
0.60-0.70 
0.70-1.00 
0.80-1.10 
1.00-1.50 
1.75-2.25 

pounds 

10 

22 

27 

40 

49 

65 

78 
105 
131 
185 
206 
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feet  of  tile  needed  per  unit  of  area,  and 
similar  items  make  it  difficult  to  estimate 
cost  unless  all  of  the  details  are  known. 

The  cost  of  open  drains  is  largely  gov- 
erned by  the  cost  of  labor:  they  require 
little  in  the  way  of  materials. 

General  cost  figures  may  be  somewhat 
misleading  in  individual  cases. 

All  present  day  cost  figures,  of  course, 
are  subject  to  change. 

In  California,  drain  tile  is  more  expen- 
sive than  in  the  Midwestern  states.  There 
are  only  one  or  two  factories  in  this  state 
whose  principal  business  is  to  make  clay 
drain  tile,  but  there  are  several  factories 
which  make  drain  tile  as  a  side  line  with 
other  clay  products  such  as  sewer  pipe, 
flues,  roofing  tile  and  other  ceramics. 
Plants  making  concrete  tile  are  more  nu- 
merous and  can  be  found  in  most  towns 
of  5,000  or  more  population. 

Tile  are  sold  by  the  foot  or  1000  feet, 
and  usually  some  discount  can  be  secured 
in  carlots.  Prices  may  be  quoted  F.O.B. 
factory,  delivered  to  the  job,  or  to  some 
railroad  shipping  point. 

Table  1  may  be  used  as  a  guide  to  the 
cost  of  clay  and  concrete  drain  tile. 

The  cost  of  hand-dug  trenches  will  vary 
according  to  the  price  of  labor,  but  one 
may  expect  a  laborer  to  dig  from  about 
4  to  8  linear  feet  of  trench  per  hour  to  a 
depth  of  3  to  5  feet,  and  wide  enough  for 
8-inch  tile.  This  will  vary  with  such  fac- 
tors as  the  condition  of  the  soil  and  the 
season  of  the  year. 

Machine-dug  trenches  are  more  eco- 
nomical if  there  is  sufficient  work  to  jus- 
tify the  movement  of  the  equipment  into 
the    area.    Under    favorable    conditions 


machine-dug  trenches  will  cost  about  one- 
half  the  cost  of  hand-dug  trenches. 

Laying  and  backfilling  will  cost  ap- 
proximately 5  cents  per  foot  for  4-,  6-,  or 
8-inch  tile. 

Stated  in  general  terms,  the  cost  of  a 
completed  tile  drainage  system  will  be 
about  three  times  the  cost  of  the  tile;  in 
other  words,  labor  costs  such  as  excava- 
tion, laying  and  backfilling  constitute 
about  two-thirds  of  the  total  cost. 

A  few  tile  manufacturing  companies, 
both  clay  and  concrete,  have  their  own 
trench  excavating  machinery.  These  com- 
panies sell  complete  drainage  systems  in- 
cluding the  outlets,  gravel  placed  around 
the  tile,  and  other  necessary  work  and 
accessories  at  a  stipulated  price  per  linear 
foot. 

Drainage  systems  using  6-inch  tile, 
placed  6  to  6%  feet  m  depth,  are  cur- 
rently being  installed,  complete  in  all 
details,  in  Imperial  Valley  for  about  42 
to  45  cents  per  linear  foot  or  from  $60 
to  $85  per  acre  depending  on  the  spacing 
between  tile  lines.  These  prices  are,  how- 
ever, based  on  the  contractor  being  able 
to  keep  labor  and  equipment  busy  over 
a  long  period  of  time. 

Where  manholes,  silt  boxes,  inlets, 
pumping  plants  and  other  structures  may 
be  necessary,  these  add  to  the  overall  cost 
of  drainage  and  are  not  usually  included 
in  the  bids  for  tile  or  open  drain  construc- 
tion. The  above  are  discussed  under  the 
heading  "Accessories,"  page  22. 

The  removal  and  replacement  of  fences, 
irrigation  ditches,  bridges,  purchase  of 
rights-of-way,  surveying  and  such  are  also 
extra  costs. 


THE  OUTLET 


No  system  of  drainage,  large  or  small, 
will  prove  entirely  satisfactory  or  give 
the  maximum  results  without  a  good  and 
adequate  outlet. 

The  first  questions  to  be  answered  are : 
What  is  to  be  done  with  the  water  that 
is  to  be  collected  in  a  drainage  system? 


Where  is  the  outlet,  and  is  it  satisfac- 
tory? 

For  community  drains  where  there  is 
considerable  water,  a  natural  channel 
such  as  a  creek  or  river  will  in  most  cases 
be  the  ultimate  outlet. 

For  individual  farms  where  the  quan- 
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tity  of  water  for  disposal  is  small,  the 
outlet  may  be  a  community  drain  or  occa- 
sionally a  roadside  ditch  or  low-lymg 
area  sacrificed  for  the  purpose. 

In  irrigated  areas  the  outlet  may  be  an 
irrigation  canal  or  lateral,  provided  the 
drainage  water  is  of  such  quality  that  it 
does  not  adversely  affect  the  irrigation 
supply. 

No  one  has  the  right  to  dispose  of  drain- 
age water  in  such  a  manner  or  in  such  a 
place  that  it  will  inconvenience  others.  It 
may  be  necessary  to  cross  one  or  more 
neighbors'  property  to  get  a  satisfactory 
outlet.  In  such  cases,  the  cooperation  or 
at  least  the  permission  of  the  neighbor 
must  be  obtained  before  the  work  is  done. 
Frequently,  neighbors  are  also  interested 
in  drainage  and  much  mutual  benefit  and 
reduced  costs  can  be  obtained  by  working 
out  drainage  problems  together.  On  the 
other  hand,  one  does  not  have  the  right 
to  obstruct  a  natural  drainage  channel  or 
refuse  permission  to  discharge  drainage 
water  into  a  natural  channel  if  that  is  the 
route  normally  taken  by  the  water. 

The  ideal  outlet  provides  a  free  flow 
from  the  drain  at  all  times,  and  allows 
for  the  construction  of  drains  at  such 
depth  and  capacity  as  to  give  satisfactory 
drainage  to  the  lands  where  they  are 
needed.  Although  all  of  the  requirements 
of  the  ideal  outlet  may  not  always  be  met, 
adjustments  can  often  be  made  so  that 
otherwise  feasible  projects  need  not  be 
abandoned. 


Fig.  1— A  well-constructed  concrete  outlet 
structure  for  drain  tile. 

Tile  outlets  into  creeks  or  natural  chan- 
nels may  be  submerged  for  short  periods 
during  storms  without  serious  damage. 
Some  drains  are  planned  so  that  they  need 
not  be  in  operation  continuously.  Such  a 
condition  would  be  when  tide  gates  are 
required  or  where  pumping  is  necessary. 
Some  very  satisfactory  drains  do  not  have 
gravity  outlets  but  discharge  into  pits  or 
sumps  from  which  the  water  is  pumped. 

Figure  1  shows  a  tile  drain  protected 
by  a  well-built  concrete  structure  dis- 
charging freely  into  an  open  ditch. 


TYPE  OF  DRAIN 


There  is  no  best  type  of  drain  for  all 
conditions.  For  any  particular  location, 
and  under  any  particular  set  of  conditions 
the  type  of  drain  to  be  used  is  largely  a 
matter  of  convenience  and  economy. 

Open  ditches  make  the  most  economical 
drains  for  carrying  off  large  quantities  of 
water,  and  are  used  for  the  removal  of 
water  standing  or  flowing  on  the  surface 
of  the  ground.  Open  drains  may  be  effec- 
tive also  in  lowering  the  water  table,  but 


on  the  individual  farm  they  are  usually 
not  so  convenient  as  tile  drains  for  this 
purpose. 

Open  Drains 

Open  drains,  or  drainage  ditches,  are 
able  to  quickly  dispose  of  large  quantities 
of  water.  Water  which  is  on  the  surface 
of  the  ground  enters  an  open  drain  rap- 
idly because  it  is  not  necessary  for  it  first 
to  penetrate  into  the  soil.  Open  drains  are 
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well  suited  for  the  collection  of  runoff 
from  hillsides  or  areas  flooded  by  heavy 
or  excessive  rains.  They  may  also  serve 
as  outlets  for  tile  lines  when  the  cost  of 
large  size  tile  becomes  excessive. 

Some  of  the  disadvantages  of  open 
drains  are  that  they  require  land  for 
rights-of-way  which  might  otherwise  be 
farmed.  They  harbor  obnoxious  weeds, 
brush,  plant  diseases,  and  rodents;  they 
require  consistent  maintenance  to  be  fully 
effective.  Drainage  ditches  may  also  be  a 
source  of  danger  to  stock,  and  if  stock 
are  permitted  free  access  they  trample  the 
bottom  and  side  slopes  and  increase  the 
cost  of  maintenance.  Ditches  across  culti- 
vated fields  are  an  obstruction  and  incon- 
venience to  tillage  operations,  and  are 
therefore  seldom  used  unless  they  can  be 
placed  along  property  lines  or  other  rela- 
tively out-of-the-way  places. 

Covered  Drains 

Drains  placed  underground  and  cov- 
ered with  soil  offer  an  efficient  and  per- 


manent method  of  draining  farm  land. 
Covered  drains  usually  consist  of  either 
clay  or  concrete  tile.  The  most  common 
covered  drain  is  made  of  burned  clay  tile, 
and  since  all  covered  drains  function  in 
much  the  same  manner,  this  type  will  be 
discussed  in  detail. 

Other  types  of  covered  drains,  such  as 
mole,  box,  and  stone  should  not  be  used 
in  preference  to  tile. 

Tile  drains  lend  themselves  to  more 
variation  in  layout  than  do  open  drains 
because  they  do  not  interfere  with  culti- 
vation. In  general,  there  are  four  arrange- 
ments (fig.  2)  which  can  be  used  either 
in  true  form  or  in  combination.  There  is 
no  best  arrangement  for  all  conditions. 
Each  area  to  be  drained  must  be  surveyed 
and  studied  to  determine  its  own  particu- 
lar needs. 

Tile  drains  usually  require  a  minimum 
of  maintenance;  there  is  no  loss  in  land, 
and  they  do  not  obstruct  or  hinder  normal 
farm  operations. 


DESIGN  OF  OPEN  DRAIN  SYSTEMS 


For  areas  of  160  acres  or  less  in  humid 
regions,  drains  should  be  designed  to  re- 
move from  the  area  about  %  inch  to  1 
inch  in  depth  of  water  in  24  hours.  There 
are  places,  especially  small  areas  of  a  few 
acres,  where  it  may  be  advisable  to  in- 
crease this  amount  to  about  1%  inches  in 
depth.  For  large  tracts  of  several  hundred 
acres,  a  runoff  of  %  to  %  inches  is  usually 
sufficient. 

If  water  reaches  the  area  from  sources 
outside  the  area  to  be  drained,  the  entire 
contributing  area  should  be  considered  in 
determining  the  amount  of  water  to  be 
removed. 

Conditions  of  soil  tilth,  amount  and 
nature  of  cover  and  topography  are  deter- 
mining factors  in  the  rapidity  and  amount 
of  runoff.  Water  moves  slowly  on  gently 
sloping  fields  with  heavy  cover,  while  on 
barren  or  steeply  sloping  fields  it  moves 
more  rapidly. 


The  size  of  ditch  necessary  to  carry  a 
given  quantity  of  water  is  dependent 
upon  the  slope  or  grade,  and  to  some 
extent  upon  the  shape  of  its  cross  sec- 
tion. The  shape  is  determined  by  the 
texture  of  the  soil  through  which  the  ditch 
is  constructed.  Drains  intended  only  to 
remove  water  from  the  ground  surface 
or  intercept  surface  runoff  may  be  de- 
signed to  run  full  at  times  of  maximum 
runoff. 

On  the  other  hand,  drains  intended  to 
lower  the  water  table  must  be  so  designed 
that  the  water  surface  in  the  drain  is  al- 
ways below  the  depth  at  which  it  is  desired 
to  maintain  the  water  table. 

Although  open  ditches  may  be  any  size, 
only  relatively  small  ditches  such  as  the 
individual  farmer  is  likely  to  need  will  be 
discussed  here. 
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ig.  2— Four  arrangements  for  tile  drains.  Many  drainage  systems  use  a  combination 
of  two  or  more  arrangements. 
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Side  Slopes 

The  angle,  or  side  slope,  of  a  ditch  de- 
pends largely  on  the  type  of  soil  through 
which  it  is  constructed.  In  fine  grained 
soils,  such  as  clay,  side  slopes  will  stand 
almost  vertical,  one-half  to  one  slopes 
(V2  foot  horizontal  to  1  foot  vertical)  are 
common.  In  coarser  textured  soils  1  to  1 
or  even  2  to  1  may  be  advisable.  Very 
sandy  soils  may  require  side  slopes  of  3  to 
1.  In  quicksand  it  is  almost  impossible  to 
maintain  any  predetermined  side  slopes 
on  drainage  ditches. 

In  the  design  of  open  drains  some  of 
the  factors  to  be  considered  are  known, 
others  must  be  assumed.  For  example,  the 
rainfall  and  rate  of  runoff  must  be  deter- 
mined, but  since  they  cannot  be  deter- 
mined with  extreme  accuracy,  the  amount 
of  water  which  a  drain  is  designed  to 
carry  will  be  only  an  approximation.  If 
the  estimate  is  too  small  there  will  be 
times  when  the  drain  will  not  carry  the 
runoff  as  quickly  as  desired.  If  conditions 
are  such  that  overflow  cannot  be  tolerated 
and  the  drainage  must  be  rapid,  any  error 
in  design  must  be  on  the  side  of  safety. 
If  overflow  can  be  tolerated  for  short  pe- 
riods of  time,  the  design  may  be  on  the 
side  of  economy. 

The  slope,  grade  or  fall  of  the  drain 
can  be  accurately  determined  by  measure- 
ments on  the  ground. 


Size  of  Drain 

With  grade  and  side  slopes  decided 
upon,  the  problem  is  to  determine  the 
size  (depth  and  bottom  width)  necessary 
to  carry  the  estimated  quantity  of  water. 

Elliott's  formula  for  open  drains  has 
been  found  satisfactory  for  determining 
size,  and  because  of  its  simplicity  is  more 
convenient  than  some  other  formulas 
which  may,  under  certain  conditions,  be 
slightly  more  accurate. 

Elliott's  formula  is: 


v=Va 


/axlV>f 


(1) 


where 

v  =  velocity  of  the  flow  in  feet  per 
second. 

a  =  area  of  cross  section  of  the  drain 
in  square  feet  (V2  of  the  sum  of  the  bot- 
tom width  plus  top  width  multiplied  by 
the  depth). 

p  =  wetted  perimeter  in  feet  (the  bot- 
tom width  plus  the  length  of  side  slopes 
which  will  be  wetted) . 

f  =  fall  or  grade  in  feet  per  mile. 

Q  =  quantity  of  water  (discharge) 
in  cubic  feet  per  second. 

When  "v",  which  was  found  by  use  of 
Elliott's  formula,  is  multiplied  by  the 
cross-sectional  area  of  the  drain,  "a",  it 
will  give  the  quantity  of  water,  "Q",  that 
the  drain  will  carry. 


av  =  Q 


2) 
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Fig.  3— Diagram  showing  relation  of  width,  depth,  side  slopes  and  berm  in  an  open  ditch. 
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Figure  3  is  a  dimensional  diagram  for 
open  ditches. 

The  procedure  for  computing  the  size 
of  a  ditch  is  as  follows : 

First  determine  the  quantity  of 
water  to  be  discharged,  "Q".  This  is 
seldom  known  accurately  because  one 
cannot  accurately  know  the  amount  of 
rain  that  will  fall  or  the  proportion  which 
will  reach  the  drain  in  any  given  time, 
but  rainfall  and  other  records  will  assist 
in  approximating  the  quantity. 

Some  quantity  must  be  assumed,  so  let 
us  say  that  we  desire  a  drain  which  will 
carry  5  cubic  feet  per  second  (approxi- 
mately 1  inch  in  depth  from  120  acres  in 
24  hours) .  The  fall  or  slope  of  the  drain 
is  known  or  can  be  measured.  Let  us  as- 
sume that  this  is  5  feet  per  mile  or  ap- 
proximately 1  foot  per  1000  feet. 

Let  us  also  assume  that  soil  conditions 
are  such  that  we  can  expect  the  sides  of 
the  ditch  to  stand  on  %  to  1  side  slopes. 

As  a  trial,  assume  that  a  drain  3  feet 
wide  on  the  bottom  and  flowing  2  feet 
deep  will  be  required.  Substitute  these 
values  in  formula  ( 1 )  : 


The  velocity  of  flow  would  be  2.8  feet 
per  second,  and  substituting  this  value 
in  the  formula  av  =  Q  we  have  8  x  2.8  = 
22.4  cubic  feet  per  second.  It  is  readily 
seen  that  such  a  ditch  will  carry  4%  times 
the  required  amount,  and  is  therefore  too 
large. 

In  another  trial,  assume  a  drain  2  feet 
wide  on  the  bottom  flowing  1  foot  deep. 
Substituting  these  values  in  the  formula 
we  have: 


\/2.5  x  7.5  -  2.1  feet  per  second 


v  =  Vaxiy2f  =  V8x7.5      =2.8 
p  7.48 


4.2 


We  now  have  a  velocity  of  2.1  feet  per 
second,  and  an  area  of  2.5  square  feet.  In 
the  formula  av  =  Q,  this  gives  a  capacity 
of  2.5  x  2.1  or  5.25  c.p.s.  This  figure  of 
5.25  cubic  feet  per  second  is  within  % 
cubic  foot  per  second  of  the  estimated 
flow,  and  the  difference  is  on  the  side  of 
safety.  Therefore,  one  can  conclude  that 
a  drain  2  feet  wide  on  the  bottom  flowing 
1  foot  deep  with  %  to  1  side  slope  and 
a  fall  of  5  feet  per  mile  will  be  the  correct 
size  for  a  discharge  of  5  cubic  feet  per 
second. 


CONSTRUCTION  OF  OPEN  DRAINS 


Open  drains  may  be  constructed  by 
hand,  or  with  machinery  such  as  tractor 
and  scraper,  bulldozer  or  similar  rig,  or 
by  heavy  excavating  machines  with  drag- 
line, clamshell  or  dipper  buckets.  Ordi- 
narily, the  farmer  is  interested  only  in 
those  drains  that  can  be  constructed  with 
equipment  which  he  has  or  can  readily 
secure. 

Hand-dug  drains  are  limited  in  size  to 
those  which  can  be  dug  more  cheaply  by 
hand  than  with  power  machinery,  or  to 
drains  in  places  inaccessible  to  power 
equipment. 

The  material  excavated  from  open 
ditches  should  be  either  spread  out  over 


adjacent  areas  or  placed  far  enough  from 
the  edge  that  it  will  not  slip  back  into  the 
ditch.  This  "berm,"  left  between  the  edge 
of  the  ditch  and  the  toe  of  the  excavated 
material,  should  be  at  least  one-half  of 
the  top  width  of  the  ditch.  In  figure  4  it 
may  be  noted  that  the  excavated  material 
is  well  placed,  and  the  berm  is  adequate. 
In  the  drainage  of  irrigated  lands, 
where  the  depth  to  the  water  table  rather 
than  the  removal  of  surface  water  is  of 
major  importance,  open  drains  are  sel- 
dom used  for  the  drainage  of  individual 
farms.  Drains  5  to  8  feet  deep  may  only 
flow  a  foot  deep.  Such  a  drain  will  occupy 
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5  or  more  acres  of  land  for  each  mile  in 
length.  Obviously  such  a  large  ditch  to 
carry  so  small  a  quantity  of  water  should 
be  avoided  wherever  possible. 

Open   drains   in   irrigated   areas   are, 
however,  entirely  practical  as  outlets  for 


tile,  or  where  the  quantity  of  water  is  so 
great  that  excessively  large  tile  would  be 
required. 

Figure  4  shows  a  machine-dug  open 
drain  about  6  feet  deep  which  will  make 
an  excellent  outlet  for  tile. 


MAINTENANCE  OF  OPEN  DRAINS 


Open  drains  can  be  kept  in  efficient 
working  condition  only  by  careful  main- 
tenance. 

Drains  that  are  allowed  to  become  ob- 
structed by  brush,  weeds  and  rubbish,  or 
whose  banks  have  sloughed  in  and  par- 
tially filled  them  are  not  capable  of  pro- 
viding efficient  service. 

Drains  should  be  cleaned  out  to  their 
original  depth  and  width  at  least  once  a 
year. 

The  amount  of  work  and  cost  necessary 
to  maintain  a  drain  in  proper  condition 
will,  of  course,  depend  on  how  badly  it  is 
obstructed. 


Cattails,  tules  and  similar  water-loving 
plants  are  particularly  bad  and  may,  in 
a  few  months,  seriously  impair  the  effec- 
tiveness of  open  drains. 

Cost  of  maintenance  may  in  a  few  years 
equal  or  exceed  the  original  cost  of  con- 
struction. 

Usually,  the  best  or  most  effective 
method  of  maintenance  is  to  use  the  same 
tools  or  machinery  that  were  used  in  con- 
struction. 

Burning  and  chemicals  are  sometimes 
effective  in  weed  control,  but  the  use  of 
chemicals  may  create  a  hazard  to  stock  if 
allowed  access  to  the  drain. 


Fig.  4— Machine-dug  open  drain  for  irrigated  areas.  Note  the  wide  berm  between  the  edge 
of  the  ditch  and  the  toe  of  the  spoil  bank. 
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DESIGN  OF  TILE  DRAIN  SYSTEMS 


Kinds  of  Drain  Tile 

There  are  two  kinds  of  tile  commonly 
available  for  drainage  in  California, 
namely,  clay  tile  and  concrete  tile.  Both 
are  used  extensively,  and  both  are  prov- 
ing satisfactory  when  they  are  well  made 
from  good  material. 

Clay  tile  is  made  in  sizes  varying  from 
4  inches  to  30  inches  in  diameter,  and 
most  factories  carry  regular  stocks  in 
sizes  up  to  and  including  18  or  20  inches. 
Larger  sizes  are  made  to  order  or  sewer 
pipe  is  substituted.  There  is  no  objection 
to  the  use  of  sewer  pipe  except  that  it  is 
made  to  more  rigid  specifications,  there- 
fore more  expensive. 

Clay  drain  tile  is  unaffected  by  alkalis 
or  acids,  and  nowhere  in  the  agricultural 
areas  of  California  does  the  ground  freeze 
deeply  enough  to  affect  drain  tile.  Clay 
drain  tile  should,  however,  equal  or  ex- 
ceed the  minimum  crushing  strengths 
specified  by  the  American  Society  for 
Testing  Materials.  Crushing  strengths  of 
1600  pounds  per  linear  foot  should  be 
required  for  drain  tile  8  inches  or  less  in 
diameter,  and  crushing  strengths  of  2000 
pounds  per  linear  foot  for  tile  up  to  16 
inches  in  diameter.  Any  reliable  tile  fac- 
tory will  meet  or  exceed  these  specifica- 
tions. 

Concrete  tile  used  in  humid  areas  where 
alkali  salts  are  not  a  factor  should  meet 
the  same  specifications  for  crushing 
strength  as  those  for  clay  tile.  In  alkali 
areas,  however,  particularly  if  sulfate 
salts  are  present,  concrete  tile  should  not 
be  used  unless,  in  addition  to  the  required 
crushing  strengths,  it  meets  specifications 
as  to  sulfate  resistance.  Sulfate  resistant 
cement  may  be  used  in  the  manufacture 
of  resistant  tile,  but  if  this  type  of  cement 
is  not  used  the  tile  should  be  cured  under 
high  steam  pressures.  Curing  of  concrete 
tile,  made  with  ordinary  cements,  for  two 
hours  with  steam  at  212°  F,  or  for  one 
half  hour  at  235°  F,  will  be  a  reasonable 


assurance  that  the  tile  is  alkali  resistant. 

Reliable  concrete  tile  manufacturers 
are  familiar  with  A.S.T.M.  specifications 
and  are  prepared  to  meet  them.  Concrete 
tile  is  available  in  a  larger  range  of  sizes 
than  is  common  for  clay  tile.  Concrete  tile 
20  inches  or  more  in  diameter  should  be 
reinforced  with  steel  bars  or  mesh  to  meet 
the  crushing  strengths  required. 

It  is  much  better  that  drain  tile  exceed 
the  minimum  strength  requirements  than 
to  have  a  single  section  fail  after  it  is  laid. 
Cracked,  broken  or  otherwise  defective 
tile  should  never  be  used.  Cracks  can  be 
detected  by  gently  striking  the  tile  with 
a  hammer  or  metal  rod.  Good  tile  will 
have  a  clear,  bell-like  ring. 

Location 

The  location  of  the  main  drain  is  con- 
trolled largely  by  the  position  of  the  out- 
let, and  the  size,  shape  and  slope  of  the 
area  to  be  drained.  Sometimes  a  single 
line  is  all  that  is  necessary ;  in  other  cases 
a  complete  system  of  laterals  is  required. 

The  layout  of  a  tile  drainage  system 
may  be  either  a  natural  system  or  a  regu- 
lar system.  In  the  former,  tile  lines  simply 
follow  the  depressions  in  the  ground  sur- 
face, and  in  the  regular  system  there  is 
a  main  line  with  regularly  spaced  laterals 
emptying  into  it  from  one  or  both  sides 
in  a  gridiron  or  herringbone  pattern.  In- 
tercepting drains  follow  along  the  base 
of  a  hill  or  terrace  and  intercept  water  as 
it  flows  from  the  higher  land  (fig.  2) . 

Springs  or  seepage  areas  are  often 
"tricky"  and  may  require  that  the  drain 
be  located  exactly  through  the  source  of 
the  water.  It  may  take  considerable  in- 
vestigation to  determine  just  where  a 
spring  is  located,  and  a  deviation  of  two 
or  three  feet  from  the  correct  location 
may  mean  the  difference  between  success 
and  failure. 

Where  a  regular  gridiron  or  herring- 
bone system  is  required,  study  should  be 
given  to  the  plan  in  order  that  not  only 
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an  efficient  but  also  an  economical  system 
is  selected.  There  should  be  as  little  dou- 
ble-drained area  as  possible  and  no  more 
tile  used  than  is  necessary. 

Depth 

The  depth,  spacing  and  size  of  tile 
drains  are  related  and  interdependent 
subjects.  The  proper  depth  for  tile  in 
humid  regions  varies  somewhat  with  the 
texture  of  the  soil  and  subsoil.  In  sandy 
soils  the  depth  may  be  somewhat  less  than 
in  clay  soils  since  water  moves  more 
freely  in  sandy  soils  than  in  clay.  Deep 
drains  will  lower  the  water  table  farther 
than  shallow  ones,  but  it  requires  more 
time  after  a  storm  for  them  to  function. 

Drainage  is  more  effective  and  shows 
greater  results  after  two  or  three  years 
than  immediately  after  construction.  It 
takes  time  for  the  ground  water  to  form 
channels  into  a  drain,  but  after  these  are 
formed  they  serve  indefinitely  as  the  route 
which  water  follows. 

In  medium  textured  soils,  drains  from 
3  to  4%  feet  in  depth  are  most  satisfac- 
tory. Probably  4  feet  would  be  the  proper 
depth  in  most  cases.  Within  depths  nor- 
mally occupied  by  plant  roots,  the  greater 
the  depth  of  drained  soil,  the  greater  will 
be  the  depth  of  root  penetration,  feeding 
area,  available  plant  food  supply,  and 
drought  resistance  of  the  crop. 

In  arid  regions,  where  alkali  salts  occur 
in  the  soil,  drains  must  be  deeper  than 
where  there  is  no  alkali.  Usually  the  water 
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causing  poor  drainage  occurs  as  a  high 
water  table  which  may  or  may  not  be  the 
result  of  water  applied  to  the  field  to  be 
drained.  Rainfall  can  usually  be  entirely 
disregarded.  In  arid  areas  it  is  necessary 
to  maintain  a  water  table  at  such  a  depth 
that  water  rising  by  capillarity  from  the 
water  table  will  not  reach  the  ground 
surface  from  which  it  can  evaporate  and 
deposit  dissolved  alkali.  For  medium  tex- 
tured soils,  the  water  table  should  be  a 
minimum  of  about  5  feet,  and  for  heavy 
soils  about  6  feet.  This  means  that  the 
drains  must  be  6  feet  or  more  in  depth. 
Many  drains  in  irrigated  areas  are  7  to 
8  feet  in  depth. 

A  drain  cannot  lower  the  water  table 
below  the  depth  to  which  the  tile  is  laid; 
in  fact,  except  in  its  immediate  vicinity, 
the  water  table  will  always  stand  some- 
what higher  than  the  tile.  The  spacing 
between  tile  lines  should  be  such  that  the 
water  table  midway  between  lines  is  not 
more  than  1  or  1%  feet  above  the  flow 
line  in  the  tile.  This  factor  is  not  readily 
predetermined,  and  the  farmer  must  rely 
upon  the  experience  gained  by  others 
having  similar  soil  conditions  or  upon 
technical  advice. 

In  stratified  soils  it  is  always  advisable 
to  place  tile  in  the  most  permeable  layer- 
provided,  of  course,  this  is  below  the 
depth  to  which  the  water  table  should  be 
lowered,  and  within  a  depth  that  can  be 
economically  reached. 
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Spacing 

The  spacing  between  tile  lines  is  influ- 
enced by  the  texture  of  the  soil  and  by 
the  depth  of  the  lines.  Water  always 
stands  nearer  the  surface  midway  between 
drains  than  it  does  immediately  adjacent 
to  them. 

It  is  the  depth  of  the  water  at  its  highest 
point  that  determines  whether  or  not  the 
water  table  has  been  satisfactorily  low- 
ered. Water  moves  laterally  through 
coarse  textured  soils  more  rapidly  than 
it  does  through  fine  textured  ones. 

Generally,  the  deeper  drains  are  placed, 
the  farther  apart  they  may  be.  Assuming, 
as  an  example,  that  3  feet  of  drained  soil 
is  sufficient  in  humid  areas,  and  5%  feet 
is  sufficient  in  irrigated  areas,  the  relation 
between  spacing  and  depth  of  tile  should 
be  so  related  that  the  water  table  between 
tile  lines  is  not  more  than  about  6  inches 
in  humid  areas,  and  1  or  IV2  feet  in  irri- 
gated areas  above  the  flow  line  in  the  tile. 

Figure  5  illustrates  the  relationship  be- 
tween depth  and  spacing. 

It  may  be  cheaper  to  place  tile  close 
together  and  at  a  shallow  depth  than  to 
place  them  farther  apart  and  at  greater 
depth. 

From  a  practical  standpoint,  drains  in 
humid  areas  may  be  spaced  150  to  300 
feet  apart  in  sandy  soils,  and  30  to  40  feet 
apart  in  clay  soils. 

In  irrigated  areas,  drains  may  be  placed 
300  to  600  feet  apart  in  uniform  sandy 
soils,  and  from  150  to  300  feet  apart  in 
clay  soils. 

Grade 

The  more  fall  that  can  be  secured,  the 
more  rapid  will  be  the  drainage  and  the 
smaller  will  be  the  tile  necessary  to  carry 
a  given  quantity  of  water. 

The  grade  on  which  tile  are  laid  is 
the  only  item  in  the  design  of  a  drain- 
age system  that  can  be  accurately  de- 
termined. All  other  items  such  as  depth, 
spacing,  and  discharge  are  based  on 
estimates. 


Seldom  will  it  be  found  that  one  grade 
can  be  maintained  throughout  a  drainage 
system,  or  even  on  a  single  line  if  it  is 
very  long.  Often  the  grade  on  which  lat- 
erals are  laid  differs  from  that  of  the  main 
or  collecting  drain.  There  is  no  objection 
to  breaking  grade,  but  the  necessity  of 
accurately  determining  the  grade 
or  grades  on  which  tile  are  to  be 
laid  should  be  emphasized,  and  the 
importance  of  accurately  laying 
them  on  this  grade  cannot  be  too 
strongly  stressed.  It  is  more  impor- 
tant that  the  tile  be  laid  true  to  the 
grade  selected  than  it  is  that  any 
particular  grade  be  used. 

Although  some  successful  tile  drains 
have  less,  a  fall  of  1  foot  per  1000  or  a 
grade  of  .10  per  cent  is  about  the  mini- 
mum that  is  advisable  for  tile.  Grades  of 
2  to  5  feet  per  1000  are  very  satisfactory, 
and  when  these  steeper  grades  are  obtain- 
able it  is  a  reasonable  assurance  against 
lines  becoming  clogged  with  sand  or  silt. 
Tile  on  flat  grades,  1  foot  per  1000  or 
less,  must  be  laid  more  accurately  than  on 
steeper  grades  because  minor  deviations 
from  the  true  grade  are  more  important. 
It  is  reasonable  to  expect  tile  to  be  laid 
within  %  to  %  inch  of  true  grade,  and 
there  should  be  less  than  %  inch  variation 
between  adjacent  tile. 

Discharge  or  Runoff 

One  of  the  most  difficult  items  to  deter- 
mine accurately  is  the  amount  of  water 
to  expect  from  a  given  tract. 

In  humid  areas,  drainage  discharges 
are  usually  estimated  as  inches  in  depth 
over  the  area  drained  for  24-hour  periods. 
This  is  governed  by  the  intensity  of  rain- 
fall. Rainfalls  of  2%  to  3  inches  in  24 
hours  are  not  uncommon  in  the  coastal 
areas  of  California,  but  seldom  will  a  tile 
system  be  required  to  remove  this  as  fast 
as  it  falls. 

Discharge  equal  to  %  inch  to  1  inch 
in  depth  over  the  area  drained  in  24  hours 
will  be  reasonable.  It  is  sometimes  difficult 
to  determine  just  what  area  is  actually 
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contributing  to  the  runoff.  Duration  of 
rainfall  is  as  important  as  its  intensity. 
After  a  soil  is  saturated  a  larger  part  of 
the  rainfall  contributes  to  runoff  than  if 
the  soil  is  not  so  completely  filled  with 
water.  From  a  practical  standpoint,  for 
areas  of  10  or  20  acres,  a  runoff  of  1 
inch  in  24  hours  may  be  used;  for  areas 
up  to  100  acres  about  %  to  %  inch,  and 
for  larger  areas  %  to  %  inch. 

In  irrigated  areas,  where  conditions  are 
more  or  less  artificial  or  "man-made," 
discharges  may  be  expected  which  will 
vary  from  about  1/10  to  %  of  the  amount 
of  water  applied.  Where  6  inches  of  irri- 
gation water  is  applied  every  2  to  4  weeks, 
the  runoff  would  be  somewhat  similar 
to  that  from  a  rainfall  of  %  inch  in  24 
hours. 

In  clay  soils  the  runoff  will  be  less  than 
on  sandy  soils.  In  addition  to  water  actu- 
ally applied  for  irrigation,  losses  from 
canals  and  laterals  must  be  considered. 

Tile  Sizes 

When  the  maximum  amount  of  water 
to  be  drained  from  a  tract  is  known  or 


has  been  computed,  and  the  grade  for 
the  drain  has  been  determined  by  surveys, 
the  size  of  the  tile  to  use  is  a  matter  of 
simple  computation. 

Tile  are  usually  made  in  sizes  which 
start  at  4  inches  in  diameter  and  increase 
by  increments  of  2  inches,  thus,  4,  6,  8, 
etc.  up  to  20  or  24  inches  are  available. 
Some  factories  make  5-  and  7-inch  tile. 
Where  computations  indicate  a  size  not 
manufactured,  one  must  use  the  nearest 
size  available. 

Four-  and  6-inch  tile  are  the  most  com- 
mon and  the  cheapest.  It  is  seldom  advis- 
able to  use  4-inch  tile  in  lines  more  than 
about  1000  or  1200  feet  in  length.  If 
laterals  are  longer  than  this,  the  tile  size 
should  be  increased  to  6  inches  at  the 
lower  end.  Lines  more  than  %  mile  long 
should  be  increased  to  8  inches  in  diam- 
eter after  about  2500  feet. 

Wherever  possible,  a  tile  drainage  sys- 
tem should  be  designed  so  as  to  keep 
laterals  relatively  short.  Eight-inch  and 


HUB STAKE 


Fig.  6— Method  of  laying  out  a  drain. 
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Discharge  Curves  for  Drain-tile  Baseo  on  Formula 

V 


Fig.  7— Diagram  for  computing  size  of  tile  when  slope  and  discharge  are  known. 


HOW  TO  USE  THE  DIAGRAM 


As  an  example  of  the  procedure  in  using 
this  diagram,  assume  that  it  is  necessary 
to  remove  V2  inch  in  depth  of  water  from 
80  acres  in  24  hours,  and  a  grade  of 
V/i  feet  per  1,000  is  obtainable.  From  the 
diagram   observe  the   right-hand   column 


marked  R  =  Vi",  and  follow  this  column 
up  to  80  which  represents  the  area;  then 
follow  a  horizontal  line  to  the  left  from  80 
until  it  intersects  a  vertical  line  through  the 
slope  marked  .  1 5  (feet  per  1 00)  or  1 .5  (feet 
per    1,000).   This    intersection    occurs   just 
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above  the  diagonal  line  marked  12",  thus 
it  will  require  a  tile  slightly  more  than  12 
inches  in  diameter.  In  this  case  12-inch  tile 
should  be  used. 

If  the  slope  had  been  1  foot  per  1,000, 
it  would  have  required  a  14-inch  tile, 
whereas  it  would  have  required  a  slope  of 
4  feet  per  1,000  to  have  made  a  10-inch 
tile  sufficient. 

This  diagram  shows  also  that  in  the  case 
of  the  assumed  example  above,  the  flow 


in  the  12-inch  tile  will  have  a  velocity  of 
about  2Va  feet  per  second,  and  the  dis- 
charge would  be  about  1.8  cubic  feet  per 
second. 

Similarly,  if  one  knows  the  amount  of 
water  (cu.  ft.  per  sec.)  to  be  discharged,  he 
finds  the  size  of  tile  required  by  starting 
on  the  left-hand  margin  and  working  along 
a  horizontal  line  to  the  right  until  the  line 
crosses  the  vertical  line  which  indicates  the 
grade  or  slope. 


larger  tile  should  be  used  in  main  collect- 
ing lines  or  in  sub-mains.  Tile  larger  than 
about  20  inches  in  diameter  are  very  ex- 
pensive and  one  should  then  begin  to 
consider  the  economy  of  an  open  ditch. 

The  capacity  of  different  sized  tile 
varies  as  the  square  of  the  diameter. 
Thus  6-inch  tile  will  carry  more  than  twice 
the  flow  of  a  4-inch  line  on  the  same  grade. 
The  ratio  is  as  the  square  of  4,  which  is 
16,  to  the  square  of  6,  which  is  36.  In- 
creasing the  grade,  of  course,  increases 
the  carrying  capacity. 

The  diagram  shown  in  figure  7  may  be 
used  for  determining  the  size  of  tile  to  use 
when  certain  facts  are  known. 


Construction  of  Tile  Drains 

Before  any  work  is  done,  the  lines  along 
which  tile  are  to  be  laid  should  be  staked 
out  and  clearly  marked.  This  is  done  by 
setting  a  marker  stake  at  each  50  or  100 
feet  upon  which  is  written  the  distance 
from  the  outlet.  For  lateral  drains,  the 
zero  or  starting  point  should  be  its  con- 
nection with  the  main  or  sub-main.  The 
first  stake,  at  zero  distance  from  the  out- 
let, is  marked  0  +  00;  the  next  one  at  100 
feet  distance  is  marked  1  +  00;  at  200  feet 
is  marked  2  +  00,  and  so  forth.  If  stakes 
are  required  at  intermediate  points,  for 
example  135  feet  from  the  outlet,  they 
would  be  marked  1  +  35. 


Fig.  8— Tile  trenching  machine  in  operation.  Note  tile  and  gravel  conveniently  placed  along  line. 
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Close  to  each  of  these  marker  stakes 
another,  known  as  a  "hub"  or  grade  stake, 
is  driven  so  that  the  top  is  flush  with  the 
ground  surface.  It  is  from  the  top  of  the 
grade  stake  that  all  measurements  of 
depth  or  "cut"  are  made.  This  stake  must 
not  be  disturbed  until  the  job  is  com- 
pleted. The  nearer  edge  of  the  trench 
should  be  laid  off  parallel  to  and  about 
9  to  12  inches  from  the  line  of  stakes. 
This  procedure  is  illustrated  in  figure  6. 

Elevations  of  the  hub  stakes  are  found 
by  the  use  of  an  engineers'  level.  This 
information  is  plotted  on  paper ;  the  grade 
line  of  the  tile  established;  and  the  depth 
of  "cut"  at  each  station  computed.  The 
grade  line  is  the  bottom  of  the  trench  and 
is  the  line  on  which  tile  is  actually  laid. 
The  depth  of  cut  should  be  written  on 
both  the  upstream  side  of  the  marker, 
and  recorded  elsewhere.  It  is  better  to  do 
both  as  some  of  the  grade  stakes  may  be 
disturbed  or  the  records  lost. 

Digging  the  Trench 

After  the  line  is  completely  staked,  and 
the  grades  and  "cuts"  established,  excava- 
tion may  begin. 

Short  drains  may  be  dug  by  hand,  but 
when  the  job  is  extensive  it  is  usually 
cheaper  to  hire  a  contractor  equipped  for 
this  type  of  work.  Trenching  machines 
(fig.  3)  are  too  expensive  for  the  farmer 
to  own,  and  contractors  are  available  in 
most  communities. 

Whether  hand-  or  machine-dug,  the  ex- 
cavation should  always  begin  at  the  outlet 
so  that  the  trench  can  be  kept  reasonably 
free  from  accumulated  water.  If  possible, 
the  work  should  be  done  during  the  driest 
part  of  the  year.  In  non-irrigated  areas  it 
may  be  possible  to  choose  a  season  when 
there  will  be  no  water  encountered  at  the 
time  of  digging,  but  in  irrigated  areas  this 
is  more  difficult  and  one  should  be  pre- 
pared to  work  in  a  wet  trench.  Sometimes 
the  bottom  of  the  trench  will  be  2  or  3  feet 
below  the  ground  water  table  in  surround- 
ing areas. 

It  is  much  more  feasible  to  excavate 
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Fig.  9— Targets  with  crossbars  over  which 
trenching  machine  operator  sights  to  keep  on 
grade.  Note  tile  and  gravel  distributed  along 
line  before  digging  starts. 

trenches  by  hand  in  humid  areas  than  it 
is  in  irrigated  areas  because  they  usually 
are  not  so  deep  and  there  will  probably 
be  a  much  longer  time  when  the  soil  is 
in  the  best  digging  condition.  Trenches 
more  than  about  five  feet  deep  must  be 
braced  to  prevent  the  sides  from  caving. 
There  are  times  also  when  trenches  will 
not  remain  open  long  enough  to  permit 
the  use  of  hand  labor.  With  machine-dug 
trenches  the  tile  can  be  laid  within  a  few 
minutes  after  the  trench  is  dug. 

Establishing  Grade 

For  machine-dug  trenches,  targets  are 
set  up  ahead  of  the  excavator  so  that  the 
crossbars  are  parallel  to,  and  a  given 
number  of  feet  above,  the  established 
grade  line  (fig.  9).  The  operator  sights 
along  these  crossbars  and  keeps  the  ma- 
chine constantly  on  grade.  A  skilled  oper- 
ator has  no  difficulty  in  keeping  within  a 
fraction  of  an  inch  of  true  grade. 

For  hand-dug  trenches,  a  similar  device 
is  used  except  that  a  cord  is  stretched  taut 
over  the  crossbars.  Frequent  measure- 
ments are  taken  down  from  the  cord  to 
ascertain  whether  or  not  the  trench  is  at 
the  proper  depth  (fig.  10). 

It  is  essential  that  tile  be  accurately  laid 
to  the  established  grade  because  varia- 
tions of  only  a  fraction  of  an  inch  are 
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allowable.  This  is  especially  true  where 
small  tile  (4-  or  6-inch)  are  laid  on  flat 
grades  (1  or  2  feet  per  1000) . 

Laying  Tile 

Tile  and  gravel  should  be  distributed 
along  the  trench  and  within  reach  (fig.  9) . 

Tile  6  inches  or  less  in  diameter  can 
be  placed  with  a  tile  hook  (fig.  11) . 

Adj  acent  tile  should  be  placed  as  closely 
together  as  they  will  lie.  If  tile  with  un- 
even ends  are  found  they  should  be  turned 
so  that  they  can  be  made  to  fit  closely. 
Although  water  enters  a  tile  line  only  at 
the  joints,  there  is  no  need  to  separate  the 
tile.  There  will  always  be  enough  space 
for  water  to  enter.  Water  does  not  enter 
a  tile  line  through  the  walls  of  the  tile. 

If  there  is  a  danger  that  the  space  be- 
tween tile  will  become  clogged  by  heavy 
clay,  the  remedy  is  to  surround  the  joint 
with  some  pervious  material  such  as 
gravel,  rather  than  to  leave  a  wider  space 
between  tile. 

In  irrigated  areas,  where  the  tile  is  laid 
in  deep  trenches,  the  danger  of  caving 
banks  is  greater  than  when  laid  at  shallow 
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Fig.  10— Measuring  down  from  an  overhead 
cord  to  make  sure  that  the  bottom  of  hand-dug 
trench  is  true  to  grade. 


Fig.  11— -Small  tile  being  laid  with  a  tile  hook. 

depths.  In  these  areas  trenches  are  dug 
with  machinery.  The  usual  procedure  is 
for  the  man  laying  the  tile  to  ride  inside 
a  shoe  which  is  carried  back  of  the  cutting 
mechanism  on  the  trenching  machine  (fig. 
8),  and  from  this  vantage  point  he  lays 
the  tile  immediately  after  the  trench  is 
opened.  The  tile  should  be  held  in  place 
against  the  preceding  tile  by  the  tile-lay- 
er's foot  until  the  next  joint  is  ready  to 
be  placed.  This  will  prevent  it  from  being 
pulled  away  from  the  preceding  joint  by 
the  forward  movement  of  the  trenching 
machine. 

There  may  be  places  where  soil  condi- 
tions are  so  bad  that  it  is  impossible  to 
lay  tile  in  a  narrow  trench  such  as  is  dug 
by  machine.  When  this  occurs  it  will  be 
necessary  to  dig  a  wide  trench  or  ditch 
having  very  flat  side  slopes,  and  on  occa- 
sions to  place  the  tile  on  a  wooden  cradle 
(see  Accessories)  or  on  a  bed  of  gravel. 

Gravel  Envelope 

It  is  the  usual  practice  in  irrigated 
areas  to  place  gravel  in  the  bottom  of  the 
trench  before  the  tile  is  laid,  and  to  sur- 
round the  tile  with  a  layer  of  gravel  about 
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2  inches  in  thickness.  The  modern  trench- 
ing machine  is  equipped  to  place  the 
gravel  automatically  both  under  and 
around  the  tile. 

The  amount  of  gravel  used  will  depend 
upon  the  difficulties  encountered  in  laying 
tile,  but  an  envelope  2  to  3  inches  in  thick- 
ness is  usually  sufficient. 

One  should  not  use  straw  or  brush 
around  a  tile  line. 

When  working  in  very  fine  sand  (quick- 
sand) it  is  sometimes  advisable  to  lay  a 
strip  of  tarred  paper,  about  6  inches  wide, 
over  the  joint  between  tile  before  the  top 
layer  of  gravel  is  placed.  The  paper  usu- 
ally extends  over  the  top  half  of  the  tile. 

Backfilling 

Nearly  all  farmers  have  tractors  to 
which  can  be  attached  bulldozers  and, 


except  in  places  where  it  is  difficult  to  get 
a  tractor,  the  backfilling  is  done  with  this 
equipment. 

If  no  gravel  is  used  around  the  tile  it 
is  advisable  to  cover  them  by  hand  with 
a  thin  layer  of  soil  which  will  keep  the 
tile  from  being  pushed  to  one  side  by  the 
backfill  dropping  on  them.  This  process 
is  called  "blinding,"  and  it  should  be  done 
with  a  shovel  using  soil  taken  from  the 
side  of  the  trench  near  the  top.  This  cover- 
ing should  fill  the  trench  on  both  sides, 
and  above  the  tile,  to  a  depth  of  3  to  4 
inches.  When  tile  is  laid  in  a  machine  dug 
trench,  as  described  above,  "blinding"  is 
done  automatically. 

The  remainder  of  the  backfill  can  be 
pushed  into  the  trench  with  a  bulldozer 
or  other  convenient  means  with  little  dan- 
ger of  disturbing  the  tile.  Figure  12  shows 
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Fig.  12— Backfilling  a  machine-dug  trench  with  bulldozer-equipped  tractor. 
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a  method  of  backfilling  with  a  bulldozer- 
equipped  tractor. 

All  of  the  excavated  material  should  be 
returned  to  the  trench  even  though  it  tem- 
porarily leaves  a  mound.  As  the  material 
settles  it  will  nearly  all  go  back  into  place. 

In  irrigated  areas,  if  the  backfill  mate- 
rial is  inclined  to  be  cloddy,  a  little  water 
should  be  turned  in  on  the  backfill  to 
further  settle  the  material  and  fill  any 
voids  that  may  have  been  left  in  the  loose 
material.  Settling  a  trench  with  water 
should  be  done  with  great  care  as  there  is 
a  danger  of  the  water  carrying  so  much 
soil  into  the  tile  that  it  will  become  clogged 
or  displaced. 

On  contract  jobs  the  backfilling  is  usu- 
ally included  in  the  contract,  but  the  final 
settling  of  the  trench  may  be  left  to  the 
farmer. 

Leaching 

In  irrigated  areas,  if  the  land  is  too 
salty  to  produce  a  satisfactory  crop,  it  will 
probably  be  necessary  to  leach  out  the 
salts  after  the  drainage  system  is  com- 
pleted. Tile  drains  may  not  be  sufficient 


in  themselves  to  reclaim  alkali  land,  or  it 
may  take  too  long  by  normal  irrigation 
to  obtain  the  full  benefits  of  a  lowered 
water  table. 

Before  leaching,  the  land  should  be 
leveled  and  put  into  the  best  possible 
shape  for  farming.  The  leveling  and  the 
borders  or  checks  should  be  such  that  a 
uniform  depth  of  water  can  be  applied 
over  each  check. 

About  30  days  of  leaching  will  effec- 
tively remove  salts  from  the  surface  soil. 
It  is  only  necessary  to  remove  enough 
salts  from  the  surface  soil  to  grow  a  crop. 
Initial  leaching  may  not  completely  re- 
move salts  from  the  subsoil,  but  this  can 
usually  be  accomplished  by  subsequent 
irrigation  as  the  crop  is  being  grown.  It 
may  take  a  year  or  two  to  leach  the  salts 
from  the  subsoil,  but  if  the  drainage  is 
adequate  the  salts  will  eventually  be  car- 
ried away  in  the  drainage  water. 

Good  leveling  is  essential  to  proper 
leaching.  High  places  that  extend  above 
the  water  surface  of  a  field  being  leached 
will  act  as  wicks  and  cause  an  accumula- 
tion of  alkali  at  these  points. 


MAINTENANCE  OF  TILE  DRAINS 


Although  all  types  of  drainage  require 
maintenance,  there  is  none  that  requires 
so  little  as  a  properly  installed  tile  system. 

There  are  not  many  plants  of  commer- 
cial value  which  will  send  their  roots  into 
tile  lines  and  clog  them  up.  In  the  field, 
most  plants  will  not  grow  with  their  roots 
in  standing  water  for  any  extended  length 
of  time.  There  are  certain  trees,  however, 
such  as  willows,  cottonwood,  tamarix  and 
sometimes  eucalyptus  which  will  cause 
trouble  if  they  are  within  50  or  75  feet 
of  a  drain.  All  trees  of  this  nature  within 
75  to  100  feet  of  a  tile  line  should  be 
removed  and  their  roots  killed.  When  tile 
lines  become  filled  with  tree  roots,  usually 
the  best  way  to  clear  them  is  to  dig  up 
the  entire  clogged  section  and  replace  it. 
At  the  same  time  the  troublesome  trees 
should  be  removed. 


Sugar  beets  have  been  known  to  stop 
up  tile  drains  lying  as  deep  as  5  feet. 
When  a  line  is  stopped  up  with  roots  of 
an  annual  crop,  such  as  beets,  it  will  prob- 
ably clear  itself  after  the  crop  is  removed 
and  the  roots  die.  Roots,  of  course,  stop 
fine  sand  and  silt  which  would  normally 
pass  on  through  a  tile  line. 

Silt  or  very  fine  sand  sometimes  gets 
into  tile  lines  and  clogs  them,  but  usually 
this  occurs  within  a  few  months  after 
installation;  lines  that  remain  open  for 
a  year  or  more  may  be  safe  from  such 
obstructions.  If  the  line  is  not  completely 
clogged,  and  there  is  any  passage  way 
through  the  tile,  it  can  sometimes  be 
flushed  out  with  a  hose  working  from  the 
lower  end.  This  may  necessitate  uncover- 
ing the  line  at  some  point  down  stream 
from  the  obstruction,  and  obtaining  pres- 
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sure  enough  to  force  a  stream  of  water 
against  the  obstruction. 

Tile  lines  draining  springs,  or  seep 
areas,  are  more  likely  to  become  stopped 
with  roots,  especially  if  at  some  point 
along  the  line  it  passes  through  areas 
where  the  soil  is  not  saturated.  In  such 
circumstances  roots  may  enter  in  search 
of  moisture.  There  is  no  way  to  prevent 
this.  If  this  danger  is  imminent,  short 
lines  may  be  laid  with  a  wire  running 
through  them  to  which  a  cleaning  tool 
may  be  attached. 

If  manholes  or  silt  boxes  (see  Acces- 
sories) are  placed  on  tile  lines,  they  should 
be  inspected  monthly  for  at  least  a  year ; 
then  once  or  twice  a  year,  and  any  de- 


posits cleaned  out  when  necessary.  Man- 
holes or  silt  boxes  should  have  tight-fitting 
covers  which  should  be  locked. 

Saturated  very  fine  sand  (quicksand) 
may,  under  certain  conditions,  be  so 
buoyant  that  it  will  enter  the  tile  line 
along  with  drainage  water,  and  eventually 
leave  a  hole  or  void  under  the  tile.  When 
this  hole  becomes  large  enough  the  tile 
may  fall  into  it,  thus  breaking  the  line 
and  destroying  the  drainage.  This  may 
also  occur  if  irrigation  water  is  allowed 
to  get  into  a  newly  constructed  trench. 
The  only  remedy  for  such  a  break  is  to 
take  up  this  portion  of  the  line  and  relay 
it,  placing  sufficient  gravel  around  the  tile 
so  that  it  cannot  reoccur. 


ACCESSORIES 


Pumps 

It  is  not  the  purpose  of  this  circular 
to  discuss  pumping  plants  for  large  co- 
operative drainage  projects.  These  should 
be  designed  only  by  trained  engineers  and 
are  seldom  installed  by  the  individual 
farmer.  The  following,  however,  presents 


some  general  information  on  small  plants 
such  as  the  individual  farmer  might  use. 
There  are  occasions  where  it  is  not 
feasible  to  obtain  gravity  outlets  for  either 
open  ditch  or  tile  drains  because  the 
streams  or  channels  into  which  the  drain 
should  discharge  are  too  high.  In  such 
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Fig.  13— Transite  pipe  outlet  for  tile  drains. 

[22] 


Fig.  14— Two  methods  of  screening  surface  water  before  it  enters  a  tile  line. 


cases,  it  may  be  feasible  to  have  the  drain 
discharge  into  a  pit  or  sump  from  which 
the  water  may  be  lifted  by  a  pump  into 
a  canal  or  stream  at  slightly  higher  level. 
It  will  be  only  on  rare  occasions  that  a 
pumping  plant  is  used  in  preference  to  a 
gravity,  free-flowing  outlet. 

Because  pumps  require  considerable 
maintenance,  they  should  be  located 
where  they  can  be  conveniently  reached 
for  servicing. 

The  drain  should  terminate  at  a  pit  or 
sump  as  close  as  possible  to  the  ultimate 
outlet.  The  sump  should  be  deep  enough 
and  of  sufficient  diameter  to  accumulate 
the  necessary  quantity  of  water  so  that 
the  pump  may  operate  for  several  minutes 
before  exhausting  the  supply.  Only  elec- 
trically operated  pumps  should  be  con- 
sidered. Pumps  should  have  a  capacity 
only  slightly  larger  than  the  flow  in  the 
drain.  They  should  be  equipped  with  auto- 
matic float  switch  which  will  start  the 
pump  when  the  water  in  the  sump  has 
reached  a  pre-determined  height,  and  will 
stop  the  pump  when  the  supply  is  ex- 
hausted. 

The  maximum  height  to  which  the 
water  should  be  permitted  to  rise  in  the 
sump,  is  the  height  at  which  the  drainage 
system  is  expected  to  maintain  the  general 
ground  water  table.  If  a  pump  is  too  large, 
it  will  lower  the  water  in  the  sump  so 
rapidly  that  it  goes  on  and  off  too  fre- 


quently. If  it  is  too  small,  it  will  not  be 
able  to  maintain  the  desired  water  level. 
As  drains  seldom  flow  a  constant  amount 
throughout  the  year,  it  is  not  possible  to 
design  a  pump  that  will  meet  all  of  the 
varying  requirements.  It  should,  however, 
be  capable  of  taking  care  of  the  drainage 
discharge  at  critical  periods.  Pumps 
should  not  be  required  to  lift  the  water 
any  higher  than  is  necessary  to  discharge 
it  into  the  outlet. 

The  equipment,  which  includes  the 
sump,  the  pump,  the  power  unit,  and  the 
discharge  line,  should  be  considered  as 
a  permanent  installation  and  designed 
accordingly. 

Nearly  always  it  is  necessary  to  obtain 
permission  to  discharge  drainage  water 
into  an  irrigation  canal.  Sometimes  drain- 
age water  is  not  of  such  quality  that  it 
can  be  used  for  irrigation. 

Outlet  Structure 

The  most  important  structure  on  a  tile 
line  is  the  outlet.  This  may  be  made  of 
lumber  or  concrete  (fig.  1). 

A  common  outlet  which  has  recently 
become  popular  is  a  fifteen-  to  twenty- 
five-foot  length  of  transite  pipe  (fig.  13) . 
This  needs  no  special  protection. 

Surface  Inlets 

Surface  water  should  not  be  allowed  to 
enter  directly  into  a  tile  unless  some  provi- 
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sion  is  made  to  exclude  sand,  dirt,  sticks, 
and  rubbish.  Figure  14  shows  two  meth- 
ods of  screening  surface  water  before  it 
enters  a  tile  line.  Other  methods  of  screen- 
ing surface  water  will  suggest  themselves 
as  occasion  demands. 

Unless  necessary,  structures  should  not 
be  placed  in  an  open  field  because  they 
always  interfere  with  cultivation  and  are 
likely  to  be  damaged. 

Manholes 

Manholes  or  silt  boxes  may  be  placed 
at  intervals  along  a  tile  drain  to  catch  and 
retain  silt  entering  the  line  if  there  is 
reason  to  think  that  difficulty  with  silt 
will  occur.  Silt  boxes  offer  a  convenient 
point  for  inspection  and  maintenance. 

The  use  of  gravel  around  tile  is  becom- 
ing a  common  practice  and  this  should, 
to  a  large  measure,  eliminate  the  necessity 
for  silt  boxes. 

At  important  junction  points,  where 
two  or  more  tile  lines  meet,  a  silt  box  is 
a  convenient  method  of  making  these  con- 
nections. 

If  silt  boxes  are  made  large  enough  to 
be  entered  for  cleaning  purposes  they  be- 
come expensive.  If  placed  in  a  cultivated 
field  they  interfere  with  cultivation  and, 
unless  properly  maintained,  may  even  be 
a  menace.  There  are,  however,  occasions 
where  they  are  useful  and  even  essential 
to  the  proper  functioning  and  mainte- 
nance of  a  system. 

The  bottoms  of  silt  boxes  should  be 
at  least  one  foot  below  the  flow  line  of 
the  outlet  tile.  If  feasible,  the  incoming 
lines  should  enter  at  a  higher  elevation 
than  the  exit  line. 

Manholes  and  silt  boxes  are  most  easily 
made  of  large  size  tile  (30  to  36  inches 
in  diameter)  placed  one  on  top  of  another. 


The  floor  of  the  box  should  be  concrete. 
The  cover  should  be  securely  fastened  and 
locked. 

T  and  Y  Joints 

Two  or  more  lines  of  tile  may  be  joined 
through  specially  made  T  or  Y  sections 
of  tile. 

T  and  Y  joints  are  expensive;  about 
five  to  eight  times  the  cost  of  a  single  joint 
of  tile. 

The  most  common  method  of  joining 
two  lines  is  to  cut  a  hole  in  the  larger  tile 
with  a  cold  chisel,  and  fit  the  end  of  the 
smaller  tile  into  it,  chipping  off  the  edge 
to  make  the  inside  smooth.  This  joint 
should  be  cemented. 

Cradles 

Tile  laid  in  material  that  is  extremely 
unstable,  such  as  peat  or  quicksand  where 
the  weight  of  the  tile  will  cause  them  to 
sink  or  get  out  of  alignment,  may  require 
a  cradle  to  hold  them  in  place. 

A  cradle  consists  of  two  boards,  usu- 
ally 1x3  inches,  laid  parallel  and  about 
3  inches  apart.  These  are  laid  flat,  and 
are  held  together  with  cleats  nailed  to  the 
under  side  at  intervals.  Cradles  may  be 
made  in  lengths  up  to  12  or  16  feet,  and 
individual  sections  should  be  fastened  to- 
gether to  avoid  loose  joints.  The  tile  rests 
between  the  two  parallel  boards.  Some- 
times it  is  necessary  to  nail  the  cradle  to 
posts  driven  into  the  bottom  of  the  trench. 

Cradles  are  particularly  useful  in  drain- 
ing peat  soils  if  the  underlying  material 
is  uneven  and  the  tile  rests  in  part  on  solid 
material,  and  in  part  on  unstable  peat. 

Tile  requiring  cradles  should  also  be 
covered  with  gravel. 

Cradles  add  materially  to  the  cost  of 
drainage. 
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